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General information
All experiments were carried out in M-BRAUN Unilab 1200/780 glovebox under inert atmosphere of purified nitrogen or using standard Schlenk techniques.
Tetrahydrofuran (THF), toluene, benzene and n-pentane were refluxed over sodium/benzophenone, distilled under argon atmosphere, and stored over 4 Å molecular sieves (MS). Most of the chemicals used in the catalytic reactions were purified according to standard procedures (vacuum distillation). 1 Deuterated solvents were degassed with argon and kept in the glovebox over 4 Å MS.
Comercial potassium hydride and KO t Bu were washed with dry pentane to afford white solid before use. Alcohols and amines were purchased from Strem, Sigma Aldrich or Alfa Aesar, and used as received. Phthalimides were synthesized from phthalic anhydride and primary amine according to Godt's procedure for Nbenzylphthalimide. 2 Characterization data for phthalimides with variable Nsubstituents can be found in the literature: 2-7 4-methoxybenzyl, 3-picolyl, 3 phenyl, 4-methylbenzyl, 4-trifluoromethylbenzyl, 4 2-chlorobenzyl 5 4-fluorobenzyl, 6 hexyl, and 4-chlorobenzyl. 7 N-phenylmaleimide was purchased commercially. Nbenzylmaleimide and N-benzylglutarimide were synthesized according to Patil's method. 8 Bis-cyclic imide was synthesized from isolated potassium succinimide 9 and 1,2-dibromoethane, adapted from Lion's procedure. 10 N-hexyl succinimide was synthesized according to Schmitt's procedure, 11 other succinimides were synthesized according to Giray's method. 12 Characterization data for the succinimides can be found in our previous report. 13 S9 Table S1 . Optimization of the hydrogenation of phthalimides. 
Preparation and characterization of [Ru(P Ph NNH)(CO)(H)(Cl)]

5.
General procedure for the dehydrogenative coupling of 1,4butanediol and ethylenediamine The ruthenium complex 3 (0.01 mmol) and base (0.02 mmol) were mixed in a vial to which 1 mL of 1,4-dioxane was added resulting in a deep blue solution. In another vial 1 mmol of 1,4-butanediol and 0.6 mmol of ethylendiamine were weighed to which 1 mL of 1,4-dioxane was added. The deep blue catalytic solution was mixed with the substrates and transferred to a 100 mL Young's tube. The reaction mixture was heated at 120 o C for 24 hours and then cooled down to room temperature and the amount of hydrogen gas was measured using the gas-burette method as used by us earlier. 13 The conversion of the diol and diamine in the crude reaction mixture were determined by the 1 H NMR spectroscopy using toluene as an internal standard. The reaction mixture was then evaporated to remove the dioxane. The solid obtained was dissolved in excess CDCl 3 or CDCl 3 /CHCl 3 mixture. 2 mmol of mesitylene as an internal standard was added to the reaction mixture. Yields of the products were determined by 1 H NMR spectroscopy as shown below in Figure S9 . Oligoamides were characterized based on the NMR spectra reported for the analogous polymers prepared from diols and diamines and by the ESI-MS. 18 Bissuccinimide was isolated by the crystallization from the concentrated dioxane S14 solution of the product mixture at -20 o C in approximately 60% yield in case of entry 4 (Table S2) .
Note: The amount of hydrogen gas from the dehydrogenative coupling of 1,4butanediol and ethylene diamine were approximately same (~80 mL, conditions: Table S2 , entry 4) whether the reaction was performed in a 100 mL Youngs' tube, closed system or a 50 mL open Schlenk tube, with collection of the hydrogen using a system previously used by us. 19 Figure S9 . 1 H NMR spectrum (400.35 MHz, CDCl 3 , 298 K) of the crude material in CDCl 3 after the dehydrogenative coupling of 1,4-butanediol and ethylenediamine using mesitylene as an internal standard (Table S2, entry 3) . Signals corresponding to oligoamides are represented with asterisks *. S15 Figure S10 . 
S16
Characterization of the oligoamides by mass spectrometry
ESI-MS of the reaction mixture obtained from the entry 4, Table S1 showed the presence of 
Hydrogenation of the discharged material obtained after dehydrogenation
The dehydrogenation reaction was performed in a Schlenk tube under open conditions in order to collect hydrogen gas using a system previously used by us. 19 The reaction was performed under the catalytic conditions of Table S2 , entry 4. After the reaction time, the reaction mixture was allowed to cool to room temperature and then transferred to an autoclave in a glove box. The appropriate amounts of complex 3 and base as described in Table S4 were added to the autoclave and the autoclave was pressurized with hydrogen gas and heated at 135 o C.
S20
Interconversion between the spent fuel and the charged fuel
The interconversion cycle was started with the hydrogenation of bis-cyclic imide (1 mmol) using complex 3 (1 mol%) and KO t Bu (3 mol%) in dioxane solvent (2 mL) under 40 bar hydrogen at 135 o C as per the general procedure of hydrogenation described in section 6. 0.5 mmol of mesitylene was also added as an internal standard. The reaction was stopped after 40 hours and analyzed by 1 H NMR spectroscopy. Complete consumption of the bis-cyclic imide was observed. Additionally, formation of 93% 1,4butanediol and 91% ethylenediamine was also observed. The reaction mixture was then transferred to a Schlenk tube in a nitrogen glove box to which 1 mol% complex 4 and 2 mol% KO t Bu was added and the Schlenk tube was heated at 120 o C for 24 h under an open system to collect hydrogen. 19 After 24 hours, 78 mL of hydrogen gas was collected and 1 H NMR spectroscopy showed complete conversion of 1,4-butanediol and ethylenediamine. The desired product bis-cyclic imide was obtained in 68% yield, the remaining products were detected as lactone (10% yield) and oligoamide (~15% yield).
The reaction mixture was then subjected to a second cycle of hydrogenation and dehydrogenation in the same way as described above. The second cycle was started by hydrogenating the mixture of bis-cyclic imide, oligoamide and lactone as per the conditions described in Table S4 , entry 3. Analysing the reaction mixture by the 1 H NMR spectroscopy after the hydrogenation step showed the formation of 1,4-butanediol and ethylenediamine in 88% and 85% yields. The reaction mixture was then subjected to the dehydrogenation step under the conditions used in the first cycle, resulting in the formation of 71 mL of hydrogen gas and ~64% of the bis-cyclic imide product. 
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